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(54) Chip antenna 

(57) A chip antenna (10) comprising a substrate 
(11) comprising either of a dielectric material or a mag- 
netic material, at least one conductor (12) formed on at 
least one side of the surface and the inside of the sub- 
strate (11). and at least two feeding terminals (15. 18) 



provided on the surface of the substrate (11) for apply- 
ing a voltage to the conductor (12). at least two feeding 
terminals (15. 18) being provided to at least one c n- 
ductor (12) among the above conductors. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a chip antenna and 
composite parts thereof used tor mobile communication 
and local area networks (LAN). 

2. Description of the Related Art 

Fig. 4 shows a prior art chip antenna 50 comprising 
an insulator 51 . a coil conductor 52, a magnetic member 
53, and external connecting terminals 54a and 54b. 

A method for producing the prior art chip antenna 
50 will now be explained in reference to Figs. 5(a) 
through 5(f). As shown in Fig. 5(a). an insulation layer 
55 is formed, a first L-shaped conductive pattern 56 is 
printed on the insulation layer 55 so that a drawing ter- 
minal S is formed on one side of the main face, and then 
a first magnetic pattern 57 having a high permeability is 
printed in the center of the insulation layer 55, wherein 
the other side of the insulation layer 55 will be the 
mounting face to the insulator 51 . As shown Fig. 5(b), a 
first U-shaped nonmagnetic insulation layer 58 is 
printed so as to cover the right half section of the con- 
ductive pattern 56 and insulator layer 55 other than the 
first magnetic pattern 57. Then, as shown in Fig. 5(c), a 
second L-shaped conductive pattern 59 is printed so 
that one end of the conductive pattern 59 overlaps with 
the end section of the conductive pattern 56. and a sec- 
ond magnetic pattern 60 is printed on the first magnetic 
pattern 57. 

Then, as shown in Fig. 5(d). a second U-shaped 
nonmagnetic insulating layer 61 is printed on the left 
half section of the second conductive pattern 59 and the 
insulation layer 55 other than the second magnetic pat- 
tern 60. These steps shown in Figs. 5(b) through 5(d) 
were repeated a predetermined number of turns, but 
without forming a drawing terminal. Then, as shown in 
Fig. 5(e). a final U-shaped conductive pattern 62 is 
printed so that one end of the conductive pattern 62 
overlaps with the end of the former conductive pattern 

59, and the other end of the conductive pattern 62 is 
exposed at the edge of the nonmagnetic insulating layer 
61 to form a drawing terminal F In such a manner, the 
coil conductor 52 having drawing terminals S and F is 
formed of the conductive patterns 56, 59 and 62. 

As shown in Fig. 5(f), an insulating layer 63 is finally 
printed on the entire face to complete the laminating 
process. In such a manner, the insulator 51 is formed of 
the insulation layers 55, 58. 61 and 63, and the mag- 
netic member is formed of the magnetic patterns 57 and 

60. The laminate is burnt at a given temperature for a 
given time to form a m nofrthic sintered member, and 
then external connecting terminals 54a and 54b are 
adhered to the drawing terminals S and F followed by 
baking to obtain the chip antenna 50. Th external con- 



necting terminal 54a connecting with the drawing termi- 
nal S is served as a feeding terminal. 

Such a prior art chip antenna responds to only one 
resonance frequency due to one feeding terminal. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
chip antenna which can respond to at least two reso- 

w nance frequencies. 

In accordance with the present invention, a chip 
antenna comprises a substrate comprising one of a die- 
lectric material and a magnetic material, at least one 
conductor formed on at least one of a side of a surtac 

is of the substrate and inside the substrate, and at least 
two feeding terminals provided on the surface of the 
substrate for applying a voltage to the at least one con- 
ductor, at least two said feeding terminals being pro- 
vided to said at least one conductor. 

20 Because a plurality of feeding terminals are pro- 
vided to a conductor in the chip antenna in accordance 
with the present invention, the singie chip antenna can 
respond to a plurality of resonance frequencies. 

Other features and advantages of the present 

25 invention will become apparent from the following 
description of the invention which refers to the accom- 
panying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 


1 


is an isometric view illustrating an embodi- 
ment of a chip antenna in accordance with 
the present invention; 
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2 


is a decomposed isometric view of the chip 
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antenna in Fig. 1; 


Fig. 


3 


is a graph illustrating reflection loss charac- 
teristics of the chip antenna in Fig. 1 ; 


Fig. 


4 


is a cross-sectional view illustrating a prior 
art chip antenna; and 


40 Fig. 


5 


is an outlined plan view illustrating a method 
for producing the prior art chip antenna of 



Fig. 4. 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
45 THE INVENTION 

Embodiments in accordance with the present 
invention will now be explained with reference to the 
drawings. Fig. 1 is an isometric view illustrating an 

so embodiment of a chip antenna in accordance with th 
present invention, and Fig. 2 is a decomposed isometric 
view of Fig. 1 . 

The chip antenna 10 comprises a conductor 12 spi- 
ralled in a rectangular parallelepiped substrate 1 1 in the 

ss longitudinal direction of the substrate 1 1. The substrate 
1 1 is formed by laminating rectangular dielectric sheets 
lla through 11c each comprising a dielectric material 
mainly containing barium oxide, aluminum oxide and sil- 
ica. The dielectric sheets 1 lb and 1 1c are provided on 
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their surfaces with linear conductive patterns 12a 
through I2h, respectively, which are formed by. e. g.. 
printing, evaporation, adhesion, or plating, and com- 
prise copper or a copper alloy. The sheet lib is further 
provided with via holes 13. The sheets 1 la through lie 
are laminated so that the conductive patterns 12a 
through I2h connect with each other through the via 
holes 13 to form the spiral conductor 12 having a rec- 
tangular cross-section. 

One end of the conductor 12. the end of the con- 
ductive pattern I2e. is drawn out to the surface of the 
substrate 11 to form a feeding section 15 which con- 
nects with a first feeding terminal 14 on the surface of 
the substrate 1 1 for applying a voltage to the conductor 
12. The other end of the conductor 12. the end of the 
conductive pattern 12d, forms a free end 16 inside the 
substrate 1 1 . Further, a second feeding section 18 con- 
necting a second feeding terminal 17 provided on the 
surface of the substrate 1 1 is provided at a given posi- 
tion of the conductor 12 at an end of the conductive pat- 
tern 12f for applying a voltage to the conductor 12. As 
shown in Fig. 3. the length from the first feeding section 
15 to the free end 16 and the length from the second 
feeding section 18 to the free end 16 are determined so 
that their respective resonance frequencies are 0.901 
GHz (the broken line in Fig. 3) and 1 .03 GHz (the solid 
line in Fig. 3). 

In the chip antenna set forth in the above embodi- 
ment, since one conductor is provided with two feeding 
terminals, the chip antenna can respond to two reso- 
nance frequencies by switching the two feeding termi- 
nals. Thus, an antenna device for sending/receiving two 
resonance frequencies can be fabricated into one chip 
antenna, resulting in the miniaturization of the antenna 
device. 

Further, since each feeding section is provided for 
one resonance frequency, the band width of each reso- 
nance frequency is narrowed and thus interference 
between different resonance frequencies can be pre- 
vented. 

In the embodiment set forth above, the substrate of 
the chip antenna, or the antenna section and high fre- 
quency switch section comprises barium oxide, alumi- 
num oxide, and silica. However, materials for the 
substrate are not limited to such dielectric materials, but 
may include dielectric materials mainly containing tita- 
nium oxide and neodymium oxide; magnetic materials 
mainly containing nickel, cobalt, and iron; and combina- 
tions of such dielectric materials with such magnetic 
materials. 

Although the spiral conductor is provided inside the 
substrate in the embodiments set forth above, the spiral 
conductor can be provided on at least one side of the 
surface and inside of the substrate. Alternately, a mean- 
der conductor may be formed on at least one side of the 
surface and inside of the substrate. 

When a plurality of conductors are provided, a plu- 
rality of feeding terminals can be provided with at least 
one conductor. 



The position ol each feeding terminal of the chip 
antenna may vary from that shown in the drawings and 
is not ssential tor the practice of the present invention. 

The chip antenna having a plurality of feeding sec- 
£ tions in accordance with the present invention has char- 
acteristics identical to a chip antenna having a plurality 
of conductors. 

The chip antenna in accordance with the present 
invention can be mounted with a switch as a switching 
io means, and a duplexer on the same mounting board to 
connect with each other by means of microstrip lines or 
the like. 

The chip antenna in accordance with the present 
invention, in which one conductor is provided with a plu* 

is ralrty of feeding terminals, can respond to a plurality of 
resonance frequencies by switching a plurality of feed- 
ing terminals. Thus, a mobile communication device for 
sendingVreceiving a plurality of resonance frequencies 
may comprise one chip antenna, resulting in the minia- 

20 turization of the antenna device and the communication 
device. 

Further, since each feeding section is provided tor 
one resonance frequency, the bandwidth of each reso- 
nance frequency is narrowed and thus interference 
25 between different resonance frequencies can be pre- 
vented. 

Although the present invention has been described 
in relation to particular embodiments thereof, many 
other variations and modifications and other uses will 
30 become apparent to those skilled in the art. 

Therefore, the present invention should be limited 
not by the specific disclosure herein, but only by the 
appended claims. 

35 Claims 



1. A chip antenna (10) comprising: 

a substrate (11) comprising one of a dielectric 
material and a magnetic material; 

at least one conductor (12) formed on at I ast 
one of a side of a surface of the substrate (11) 
and inside said substrate (11); and 

at least two feeding terminals (1 5. 1 8) provided 
on the surface of said substrate (1 1) for apply- 
ing a voltage to said at least one conductor 
(12). at least two said feeding terminals (15. 
18) being provided to said at least one conduc- 
tor (12). 
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2. A chip antenna (10) according to claim 1. wherein 
the substrate (11) comprises a plurality of sheets 
55 (11a. 11b. lie) of material, each sheet having a 
conductive pattern (12a • 12h) thereon, at least one 
of said sheets (11b) having a conductive via hole 
(13) therein, said sheets being laminated together, 
the conductive patterns (12a - 12h) on said sheets 
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being coupled together through said at least one via 
hole (13) to form said at least one conductor (12). 

3. A chip antenna (10) according to claim 1 or 2, 
wherein the conductor (12) has a free end (16). s 



14, wherein the conductor (12) is formed by one of 
printing, evaporation, adhesion and plating. 



4. A chip antenna (10) according to claim 3, wherein 
the at least one conductor (12) having said at least 
two feeding terminals (15, 18) has at least two res- 
onance frequencies determined by the relative 10 
lengths of each said feeding terminal (15. 18) along 
the conductor (12) to said free end (16). 

5. A chip antenna (10) according to one of claims 1 to 

4. wherein the conductor (12) has a spiral shape is 
and is disposed inside the substrate (11). 



6. A chip antenna ( 1 0) according to one of claims 1 to 
4, wherein the conductor (12) has a spiral shape 
and is disposed on the surface of the substrate 20 
(11). 

7. A chip antenna (10) according to one of claims 1 to 
6. wherein the conductor (12) is rectangular in 
cross-section. 25 

8. A chip antenna (10) according to daim 1, wherein 
the conductor (12) has a plurality of feeding termi- 
nals (15. 18) and a plurality of resonance frequen- 
cies. 30 



9. A chip antenna ( 1 0) according to one of claims 1 to 

8. wherein the substrate (11) comprises one of bar- 
ium oxide, aluminum oxide, silica, titanium oxide 
and neodymin oxide. 35 

10. A chip antenna (10) according to one of claims 1 to 

9. wherein the substrate (11) comprises one of 
nickel, cobalt and iron. 

40 

11. A chip antenna (10) according to one of claims 1 to 

10. wherein the substrate (11) comprises a combi- 
nation of a dielectric and magnetic material. 

12. A chip antenna (10) according to one of claims 1 to as 
4, wherein the conductor comprises a meander 
conductor formed on at least one ol an exterior sur- 
face of the substrate (11) and an interior surface of 
the substrate. 

so 

13. A chip antenna (10) according to one of claims 1 to 
12, further comprising a duplexer coupled to the 
chip antenna (10). 



14. A chip antenna (10) according to one of claims 1 to ss 
13. wherein the conductor (12) comprises one of 
copper and copper alloy. 

15. A chip antenna (10) according to one of claims 1 to 
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FIG. 2 
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FIG. 4 (PRIOR ART) 
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